Introduction
Lumbar compression fractures are among the most common medical and surgical conditions encountered by spinal surgeons [1] . Approximately 1.4 million patients sustain vertebral compression fractures every year [2] , with an annual inpatient cost just under $5 billion [3] . Compression fractures disproportionately affect the elderly (65+ years) secondary to osteoporosis, which is responsible for >700,000 spinal fracture cases in the United States annually [4] . Although traumatic lumbar fractures represent a small portion in all trauma patients, their physical and financial burden on patients are more significant than other injuries [5] .
Standard treatment of vertebral compression fractures consists of conservative management, including bed rest, bracing, and analgesics [6] . Studies, however, have noted that these practices are often insufficient in improving pain and mobility of these patients [7] [8] [9] . Operative interventions, namely, surgical fusion with instrumentation and cement augmentation procedures, have been gaining popularity [10, 11] as studies have shown both short-term physical improvements [12] [13] [14] and long-term survival benefits [15, 16] in select patients undergoing surgical intervention for compression fractures.
Numerous studies have looked at national trends and outcomes of cement augmentation procedures (vertebroplasty and kyphoplasty) for vertebral compression fractures [13, [15] [16] [17] [18] . These studies, however, do not evaluate differences in demographics and outcomes among surgical fusion, kyphoplasty, and vertebroplasty procedures performed for vertebral compression fractures. This study evaluates patient demographics and hospital characteristics associated with each type of treatment as well as assessing potential outcome differences between patients undergoing fusion, vertebroplasty, and kyphoplasty for vertebral compression fracture.
Methods

Data Source and Cohort Selection.
We utilized the Nationwide Inpatient Sample (NIS) database to capture vertebral fracture patients that underwent vertebral cement augmentation procedures in US hospitals between 2004 and 2011. Using International Classification of DiseasesNinth Revision-Clinical Modification (ICD-9-CM) codes, we identified adult patients 18 years of age or older with primary diagnosis of lumbar fracture (ICD-9-CM: 805.4, 806.4); only patients that underwent a fusion (ICD-9-CM: 81.0-81.08), kyphoplasty (ICD-9-CM: 81.65), or vertebroplasty (ICD-9-CM: 81.66) according to the five leading procedures documented were included. Patients who underwent spine augmentation for a vertebral fracture secondary to malignancy according to the leading five diagnoses of cancer (ICD-9, 1400-1991, 2000-2089) were excluded from this analysis.
Patient Population and Hospital
Characteristics. Demographics considered included patients' age, gender, race, medical insurance, median income, and preexisting comorbidities. Hospital characteristics such as number of beds, teaching status, region, and location were documented. Age was analyzed as a continuous variable using the following categories: 18-44, 45-64, 65-84, and 85+. In terms of percentages, data was missing for gender (0.07%), race (21.9%), insurance (0.02%), median income (2.1%), hospital bed size (2.7%), teaching status (2.7%), and hospital location (2.7%).
Outcomes of Interest.
In-hospital mortality, nonroutine discharge, complications, patient safety indicators, inhospital length of stay (LOS), and total charges were considered in this study. A discharge other than discharge to home (e.g., transfer, mortality) was considered nonroutine. The following adverse events were considered in the overall complication rate: neurological, pulmonary, thromboembolic, cardiac, procedure related, medical, peripheral vascular, infection, fluid, and electrolyte abnormalities, cerebrospinal fluid rhinorrhea, stroke, and bleeding.
Statistical Analysis.
Descriptive statistics were used to summarize patient and hospital characteristics. Bivariate analysis was used to determine differences in patient/hospital characteristics and outcomes according to the type of intervention experienced (e.g., cement augmentation and fusion). Odds ratio (OR), 95% confidence intervals (CI), interquartile range (IQR), standard deviation (SD), and corresponding values were reported. US nationwide estimates were performed using SAS PROC SURVEY methodology. All analyses used SAS version 9.1 for Windows (SAS Institute Inc., Cary, NC). A value ≤ .05 was considered statistically significant. Chronic pulmonary disease Chronic ischemic heart disease Fluid and electrolyte disorder Peripheral vascular disease Congestive heart failure * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * Figure 1 : Distribution of comorbidities for vertebral compression fracture patients that underwent a fusion, kyphoplasty, or vertebroplasty between 2000 and 2011 ( = 102,316). * * * < .0001. Hospital characteristics according to the type of augmentation procedure were also consistently significant (Table 2) . More fusion patients were treated in large hospitals, teaching hospitals, and urban hospitals compared to the kyphoplasty, vertebroplasty, and multiple surgery cohorts (Table 2) . A detailed description of preexisting comorbidities according to surgical procedure type is illustrated in Figure 1 . Overall, hypertension followed by osteoporosis and diabetes seemed to be the most common conditions. Fusion patients had consistently and significantly ( < .0001) fewer comorbidities compared to kyphoplasty and vertebroplasty cohorts, independently of the type of comorbidity.
Results
Demographics.
Univariate Analysis Outcomes.
The overall mortality rate was 0.5%, with a leading rate of 0.8% among patients that underwent a fusion, 0.7% for kyphoplasty, 0.3% for vertebroplasty, and 1.4% for multiple procedures cohort ( < .0001, Table 3 ). Approximately half of all patients (55.4%) were discharged nonroutinely. Kyphoplasty patients were more likely to be discharged nonroutinely compared to fusion (51.7%) and vertebroplasty patients (52.7%) and patients that underwent multiple surgeries (64.3%). The highest rates of complications were documented among patients that underwent multiple surgeries (25.4%), followed by fusion patients (24.0%), kyphoplasty patients (21.4%), and vertebroplasty patients (16.0%). Similarly, fusion patients experienced significantly more adverse safety events (13.5%) when compared to kyphoplasty (8.8%), vertebroplasty (6.5%), and multiple procedures patients (12.0%) ( < .0001).
The average overall in-hospital length of stay was 6.5 days ( Table 3 ). Patients that underwent a fusion spent a significantly ( < .0001) longer hospitalization period (9.8 days) compared to the multiple surgeries cohort (7.5 days), kyphoplasty cohort (5.8 days), and vertebroplasty cohort (4.6 days). Fusion patients spent an average of $113,067, while patients that underwent multiple procedures spent an average of $74,047 ( < .0001). Kyphoplasty ($34,363) and vertebroplasty ($42,459) patients had significantly lower total charges.
Multivariable Analysis of Patient Outcomes.
After adjusting for patient's age, race, gender, type of insurance, preexisting comorbidities, and length of in-hospital stay, we found that older age was significantly associated with an increased risk of mortality (OR 2.0, CI: 1.6-2.5), nonroutine discharge (OR 1.6, CI: 1.6-1.7), complication (OR 1.1, CI: 1.0-1.1), and safety adverse events (OR 1.1, CI: 1.0-1.1) ( Table 4) . Increasing preexisting conditions and longer in-hospital length of stays were also significantly associated with higher odds of mortality, nonroutine discharge, complications, and safety related events ( < .0001). Patients that underwent a fusion procedure had significantly higher odds of mortality (OR 6.2, CI: 3.4-11.3), nonroutine discharge (OR 2.9, CI: 2.5-3.4), complication (OR 2.2, CI: 1.9-2.6), and safety related event (OR 1.8, CI: 1.5-2.2) compared to the vertebroplasty cohort. White patients seemed to have a significant increased risk of a complication (OR 1.2, CI; 1.0-1.4) and safety related event (OR 1.2: 1.0-1.5) compared to nonwhite patients.
Outcome Trends by Age and Surgical Procedure.
A consistently increasing trend in mortality as well as nonroutine discharge was observed among fusion, kyphoplasty, and vertebroplasty patients with older age (Figure 2 ). Patients that underwent a vertebroplasty had consistently higher mortality independently of age. Similarly, fusion patients had consistently higher rates of mortality independently of age. Fusion patients had higher nonroutine discharge rates compared to all cohorts independently of age. Fusion patients had significantly higher rates of safety indicators and complications compared to all other cohorts, independently of age (Figure 3 ).
Discussion
Lumbar compression fractures represent a leading cause of morbidity and mortality in the United States. Understanding the role of different surgical treatments in survival, complications, and other outcomes of interest is imperative in order to determine optimum treatment modalities. With increasing evidence supporting surgical intervention for these patients [12, 15, 16, [19] [20] [21] [22] [23] , numerous studies have sought to compare outcomes among different treatment paradigms [6, 12, 15, 17, 24, 25] . Surgical fusion with instrumentation and cement Table 4 : Adjusted odds ratio (OR) and 95% confidence intervals (CI) for factors associated with mortality, nonroutine discharge, complication, and safety related adverse events ( = 102,316). <.0001
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Outcome analysis excludes patients that had multiple procedures ( = 1,856, 2.5%). * Unit increments. 7 augmentation have been of primary interest, as both procedures have seen increased utilization from the early 1990s to 2000s (12.9% for cement augmentation patients and 39% for surgical fusion) [26, 27] . Although numerous studies have compared outcomes between nonsurgical intervention, vertebroplasty, and kyphoplasty [12, 13, 15, 17, 18, 27] , there have been no published studies comparing outcomes between vertebroplasty, kyphoplasty, and surgical fusion. The goal of our study was to evaluate differences in demographics and hospital characteristics as well as compare postsurgical outcomes between vertebroplasty, kyphoplasty, and fusion patients with the primary diagnosis of vertebral compression fractures.
Our findings suggest a slight female preponderance (58.8%) of patients undergoing surgery for lumbar spine trauma, with significantly more females receiving kyphoplasty (69.6%) and vertebroplasty (68.5%) compared to spinal fusion (37.0%). In the United States, the risk of developing a fragility fracture is up to 40% for women and 13% for men over the age of 50 [28] . More specifically, vertebral compression fractures occur in approximately 16% of all postmenopausal women [29] . In our cohort, 64.8% of lumbar trauma patients undergoing surgical intervention were over the age of 65. Significantly younger patients underwent surgical fusion (46.2 years) versus kyphoplasty (78.5 years) and vertebroplasty (76.7 years) procedures. This is consistent with an institutional study by Hsieh et al., which reported significantly older patients in their kyphoplasty versus shortsegment fixation with I-VEP cohort [30] . Lad et al. reported that, within their cohort of vertebral spinal fracture patients, a majority were women and over the age of 65 [27] . As age and gender may be connected in this population, the explanation of higher percentages of elderly patients and women undergoing augmentation procedures may be related.
The most common mechanisms for the occurrence of lumbar spine trauma include falls, sport accidents, and motor vehicle crashes [31] . However, in elderly patients, osteoporosis is responsible for >700,000 vertebral compression fractures in the United States annually [4] . We found that osteoporosis was the second leading comorbidity for all lumbar spine trauma patients, with significantly higher percentages in cement augmentation versus surgical fusion cohorts. The leading comorbidity was hypertension, which is known to have high prevalence in elderly populations [32] . In 1990, the United States Census Bureau estimated that over 16 million Americans will be 85 years or older by the year 2050 [33] . Thus, the effect of age on outcomes and treatment for vertebral compression fracture patients is an important health-care problem of increasing impact. We found that, regardless of procedure, an increase in age is associated with higher nonroutine discharge rates, complication rates, and patient safety rates. Mortality rates for cement augmentation procedures remained relatively stable with increased age, while rates for fusion patients increased dramatically, especially in patients >65 years old.
Fusion patients as a whole had consistently higher mortality, complication, nonroutine discharge, and patient safety rates compared to their augmentation counterparts. There were also significantly more fusion procedures performed at large, urban teaching hospitals. Daniels et al. reported similar findings while evaluating hospital-based rates of thoracolumbar spine arthrodesis for patients with spinal fractures. They reported that hospitals with higher volumes of spinal fracture patients had higher fusion rates compared to hospitals treating fewer fracture patients [31] . This may indicate that fusion procedures are more complex in nature, which would explain the younger patients, lower comorbidities of patients, and increased adverse outcomes. Patients who underwent fusion were 6.2 times more likely to experience morality, 2.9 times more likely to have a nonroutine discharge, 2.2 times more likely to have a complication, and 1.8 times more likely to have PSI as compared to vertebroplasty patients. Similarly, kyphoplasty patients had higher percentages of adverse outcomes, such as a 70% increase in mortality, when compared to vertebroplasty patients. Chen et al. had contrary findings, which suggested that an adjusted risk of death was 20% lower for kyphoplasty patients versus vertebroplasty patients [15] .
In a meta-analysis of literature, Eck et al. evaluated pain relief and risk of complications associated with kyphoplasty and vertebroplasty [25] . Their findings suggest that although both methods of augmentation are effective in relieving pain, there is a significant increase in pain relief for vertebroplasty patients versus kyphoplasty patients [12] . However, it was also reported that vertebroplasty patients had higher rates of complications compared to their kyphoplasty counterparts, including increased cement leakage and higher occurrence of sustaining subsequent vertebral fractures [34, 35] . These inconsistencies in results comparing vertebroplasty and kyphoplasty procedures and lack of studies comparing augmentation procedures to spinal fusion procedures call for further research. Prospective studies with appropriate matching of individuals undergoing each treatment type would address limitations of current studies and lead to more concrete results regarding the clinical outcomes of patients undergoing surgical intervention for lumbar spine trauma [15] .
Limitations.
Although utilization of national databases may be advantageous, namely, due to high volume of patients and avoidance of selection bias, there remain considerable limitations. Such limitations include potential coding errors, lack of data specifying type of injury and severity, and absence of long-term outcomes or disability scores [1, 26, 27] . Additionally, the codes and the coding used by physician may not be specific for compression fractures. Populations with operative fractures versus those with fractures treated with kyphoplasty/vertebroplasty are likely completely different with regard to injury severity, neurologic status, and so forth. Our goal in this study was to present the general trend in compression fractures in the elderly population over the years studied. Therefore, our findings should be considered with these points in mind.
Conclusions
Treatment patterns of patients with vertebral compression fractures differ significantly when comparing patient demographics and hospital type and location. Age and medical comorbidities are significant risk factors for mortality and adverse outcomes regardless of procedures. Spinal fusion was associated with higher risk of adverse outcomes compared to cement augmentation. Kyphoplasty was associated with higher risk of adverse outcome compared to vertebroplasty. Elderly patients and those with medical comorbidities appear to strongly have the potential for poorer outcomes regardless of what type of procedure is performed.
